Neuroprotective cold-shock proteins (CSPs) are abundant in the normothermic neonatal rodent brain but decrease with advancing neurodevelopmental age and are low or absent in the adult brain. It has not been established if neurodevelopmental age alters the baseline expression of CSPs in the human brain. Here, we tested the hypothesis that protein levels of RNA-binding motif 3 (RBM3), reticulon-3 (RTN3), and cold-induced RNA-binding protein (CIRBP) are abundant in the normothermic developing human brain but lowto-absent in adults. We also tested if β-klotho (KLB) is expressed in the developing brain; KLB functions as a coreceptor that controls tissue-specific binding and activity of the systemically circulating thermogenic hormone fibroblast growth factor 21 (FGF21), and is predominantly expressed in the liver, pancreas, and in adipose cells. Methods: Hippocampi and anterior prefrontal cortices (aPFCs/BA10) from a total of 20 male and 20 female subjects were obtained from the NIH NeuroBioBank. CSP and KLB levels were measured in: infants < 1 year old (n = 8), toddlers aged 1-2 years (n = 8), children aged 3-5 years (n = 7), 18-year-old adolescents (n = 8), and adults aged 31-34 years (n = 8). An equal number of male and female (n = 4 each) samples were pooled into each age group, except in the 3-to 5-year-olds which comprised 3 male and 4 female specimens due to sample availability. In total, 78 whole-brain tissues were dissociated using a beadbased Precellys homogenizer to generate equivalent homogenates, and levels of protein targets subsequently analyzed by Western blotting. Results: Infants had the highest levels of RBM3 and other CSPs in the brain compared to all other ages. In the hippocampus, CSPs were detected predominantly in infants. In the aPFC, CSP levels were highest in infants, moderate-to-low in toddlers/children, and below assay detection limits in adolescents/adults. Germane to the thermogenic FGF21/KLB signaling axis, our results confirm that KLB is absent in the adult hippocampus/aPFC as reported by others. In contrast, we report for the first time that KLB is abundant in the early developing human brain; KLB levels were highest in the infant hippocampus/aPFC and moderately expressed in toddlers. RBM3 is a potent neuroprotective CSP. Thus, the impact of these findings on the observed efficacy of therapeutic hypothermia in neonatal brain injury merits further investigation.
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Introduction
Therapeutic hypothermia (TH) is a life-saving intervention that is standard of care for the treatment of neurological damage in term newborns with hypoxic ischemic encephalopathy and also in comatose adults with an out-of-hospital cardiac arrest [1] [2] [3] . Clinical trials suggest that the neurological benefits of total body cooling after hypoxia-ischemia is greater for newborns than adults but the molecular underpinnings to explain age-dependent discrepancies in the efficacy of TH in humans have yet to be fully elucidated [1, [3] [4] [5] .
Cold adaptation signaling pathways in mammals are necessarily activated by TH. They involve the recruitment of thermogenic mechanisms such as shivering [6] , and the upregulation of cellular cold-shock proteins (CSPs) [7] . Age-dependent differences in the availability of cold stress pathways in the brain may have important implications for the mechanisms of benefit induced by TH in the setting of neonatal versus adult injury of the central nervous system (CNS) [8] [9] [10] .
A limited number of mammalian CSPs have been identified to date [11] [12] [13] . Chief among them is RNAbinding motif 3 (RBM3). RBM3 is a potent neuroprotective CSP, and there is enormous clinical interest in boosting its expression with or without cooling [14] . In rodents, developmental brain age strongly affects baseline RBM3 levels. Normothermic neonatal mice/rats have high levels of RBM3 in the brain whereas levels are lowto-absent in adults [10, 15] . In addition, the magnitude and duration of RBM3 induction in the retina after an environmental cold stress is greater in newborn rats than adults [16] . Furthermore, we reported that RBM3 protein is robustly increased by cooling to 33 ° C for 48 h in immature day in vitro (DIV)6 rat cortical neurons but not in mature DIV26 neurons [17] . Together, the data show that developmental brain age is a major factor in the study of CSP-based therapies in rodents. However, it has not been elucidated if developmental age is equally important in humans germane to the study of brain CSPs.
Here, we tested the hypothesis that RBM3, reticulon-3 (RTN3), and cold-induced RNA-binding protein (CIRBP) levels are high in the normothermic infant human brain but low-to-absent in adults. Moreover, with the exception of shivering mechanisms [6] , little work has been done to investigate the presence of thermogenesisassociated intracellular signaling pathways in the brain which may be affected by total body cooling. Because infants uniquely rely on brown adipose tissue (BAT) to maintain body temperature [8, 9] , and because FGF21 (a BAT-stimulating hormone) increased RBM3 levels in immature rat cortical neurons in vitro [17] , we also tested the hypothesis that β-klotho (KLB) which exclusively governs FGF21 activity in vivo [18, 19] , is detectable in the infant brain.
Materials and Methods

Chemicals and Reagents
PVDF Membranes
To detect RBM3, we used 0.45-µM-pore-size Hybond-P, Cat# RPN2020F, Lot# NH1288 (GE Healthcare; Pittsburgh, PA, USA). To detect RTN3, CIRBP, and KLB, we used 0.2-µM-pore-size mdi membrane, Cat# SVFX8301XXXX101, Lot# VA760606L (mdi Membrane Technologies; Harrisburgh, PA, USA).
Antibodies
We made use of anti-RBM3, Cat# 14363-1-AP, Lot# N/A (Proteintech; Chicago, IL, USA); anti-RTN3, Cat# OABB01421, Lot# 0221412c015615 (AVIVA Systems Biology; San Diego, CA, USA); anti-CIRBP clone EPR18783, Cat# ab191885, Lot# GR239199-2 (Abcam; Cambridge, MA, USA); anti-KLB, Cat# ab106794, Lot# GR3200089-1 (Abcam); anti-α-tubulin, Cat# 2144, Lot# 5 (Cell Signaling Technology; Danvers, MA, USA). show that a polyclonal anti-RBM3 antibody and PVDF membrane previously validated by our group (in rodents) also detects human RBM3 (approx. 17 kDa) in human neuronal SHSY5Y cells given 48-h hypothermia. Two different RBM3-targeting shRNAs were tested to confirm target specificity. Lentivirus/shRNA-B blocked RBM3 upregulation. The asterisk indicates a higher-molecularweight (approx. 18-19 kDa) RBM3 protein which was also increased by cooling and decreased by shRNA knockdown. b Table of subject/specimen characteristics. c Representative Western blots show hippocampal RBM3 levels in infants, toddlers, children, adolescents, and adult subjects (n = 4/group). The corresponding NIH NBB deidentified subject ID is indicated above each sample. d Representative total protein stain confirms equal protein loading and membrane transfer across groups. e The graph shows that RBM3 levels are highest in the infant hippocampus (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANO-VA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red).
( ) , established under a laminar flow hood, and mechanically lysed for 10 s at 5,500 rpm. Samples were immediately returned to ice for 5 min, lysed again for 10 s at 5,500 rpm, again returned to ice, and homogenates transferred into new 1.5-mL conical tubes. Homogenates were vortexed and returned to a -80 ° C ultralow overnight for additional cryolysis. Homogenates were thawed on ice, vortexed for 10 min, centrifuged 15 min at 16,000 rcf and 4 ° C, and the supernatants transferred into new 1.5-mL tubes. Protein concentrations of stock homogenates were measured by BCA assay (PIERCE). Protein concentrations were adjusted to approximately 3.5 µg/µL by dilution in additional RIPA buffer (supplemented with 1× EDTA, 2× protease inhibitors, and 2× phosphatase inhibitors). Adjusted homogenates were reanalyzed by BCA to ensure accurate protein loading and stored at -80 ° C until use.
Lentivirus Production BSL2 work was approved by the Institution Biosafety Committee of the University of Pittsburgh. Human-specific RBM3 shRNA knockdown expression plasmids (TL309915-A and TL309915-B) were purchased from Origene (Rockville, MD, USA). Packaging plasmids were also purchased from Origene (Cat# TR30037). A detailed description of our lentivirus production procedures has been reported elsewhere [20] . In brief, 2 different RBM3 shRNA expression plasmids (A and B) and a nontargeting (NT) shRNA control plasmid (Cat# TR30021) were maxiprepped to obtain high-quality DNA. Expression and packaging plasmids were mixed with MegaTran 1.0 transfection reagent and incubated with HEK293ta cells (Genecopoeia; Rockville, MD, USA) for approximately 12 h. Transfection medium was removed and re- . a Representative Western blots show aPFC RBM3 levels in infants, toddlers, children, adolescents, and adult subjects (n = 3/group in children, n = 4/group in all other age groups). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that RBM3 levels are highest in the infant aPFC (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/ group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANOVA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red). placed with fresh Opti-MEM, 10%FBS, and penicillin-streptomycin. Viral soup was harvested at around 36 and 48 h after transfection. For each vector, medium collections were combined, filtered, and ultracentrifuged to obtain the viral pellet. The pellet was resuspended in 200 µL Opti-MEM medium, aliquoted, and stored at -80 ° C. Viral titer was estimated by ELISA as reported previously [20] .
Cell Culture and Hypothermia Studies
Wild-type HEK293ta cells (for virus production) and human neuronal SHSY5Y cells (for virus transduction) (ATCC; Manassas, VA, USA) were propagated in Opti-MEM, 10% FBS, and penicillin-streptomycin. Confluent cells were dissociated by trypsinization. SHSY5Y cell concentrations were measured on a Cellometer (Nexcelom Bioscience; Lawrence, MA, USA). 5 × 10 6 /cells were mixed with 60 multiplicity of infection (MOI) lentivirus. Transduced cells were seeded onto new T75 flasks and proliferated over 72 h. The medium was subsequently replaced 3× at 24-h intervals, starting immediately after the initial 72-h transduction period, and contained 1 µg/mL puromycin to eliminate nontransduced cells. Following puromycin selection, cells were trypsinized and subsequently seeded in fresh medium (without puromycin) onto poly-D-lysine-coated 6-well plates (2 × 10 6 /well). Hypothermia experiments were initiated 24 h later. For each vector condition (NT shRNA, RBM3 shRNA-A, or RBM3 shRNA-B), 1 set of 6-well plates was incubated for 48 h at 37 ° C, and another set at 32 ° C. Following temperature treatments, cells were washed with ice-cold PBS, immediately harvested in RIPA buffer (supplemented with EDTA, protease inhibitors, and phosphatase inhibitors), and stored at -80 ° C. Samples were homogenized by sonication (approx. 20 s), centrifuged for 10 min at 16,000 rcf and 4 ° C, and protein concentrations in supernatants analyzed by BCA assay.
Western Blot
Protein analysis was done as previously described by our group [17] . In brief, samples (20 µg/well) were mixed with an equal volume of 2× Laemmli sample buffer (supplemented with 2-ME) and boiled 5 min at 95 ° C. Protein standards/samples were loaded onto 26-well precast TGX gels (BioRad, Hercules, CA, USA) and run at 200 V in a Criterion TM Cell (BioRad). Protein was transferred to PVDF membranes in a plate-electrode Criterion TM Blotter (BioRad), and run for 40 min at 100 V and 4 ° C. Membranes were stained with reversible swift membrane stain (Fisher Scientific), images collected on a 600-dpi flat-bed scanner, destained, and blocked for 1 h at RT in 19 mL of 7.5% milk dissolved in Tween-20/ Tris-buffered saline (T-TBS). We and others showed that total protein stain is a more accurate method to standardize protein loading versus traditional housekeeping genes [21] [22] [23] [24] [25] . House- show hippocampal RTN3 levels in infants, toddlers, children, adolescents, and adult subjects (n = 4/group). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that RTN3 levels are highest in the infant hippocampus (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANO-VA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red).
DOI: 10.1159/000493637 keeping genes are also affected by developmental age in the brain [26] . Primary antibodies (in 15 mL milk and T-TBS) were incubated overnight on a rocker at 4 ° C. Membranes were washed 3× (in 50 mL TBS), incubated 2 h with secondary antibodies (1: 15,000 in milk and T-TBS), washed 3× more in TBS, and incubated approximately 2 min in ECL-2 Western blotting substrate (Fisher Scientific). Films were exposed in a dark room, collected on a 600-pdi flat-bed scanner, and compiled in Photoshop (Adobe; San José, CA, USA). All figures show original unaltered images (i.e., blots and total protein stains were not contrast/brightness modified. A total of 8 independent Western blot experiments were done. Per experiment, 39 samples from either the hippocampus or aPFC were divided equally (by age and gender) across 2× 26-well Criterion gels. A single primary protein target was analyzed per Western blot experiment. Densitometry of proteins and total stain were obtained using UN-SCAN-IT software (Silk Scientific; Orem, UT, USA). To correct for loading/transfer errors (i.e., to standardize), target protein densitometry was divided by the densitometry of the total protein stain corresponding to each lane within the respective membrane. Standardized densitometic values for each blot were normalized by dividing by the largest intra-blot value (i.e., the highest value in each blot was set to 100%). Data are expressed as the relative difference in target expression across samples. Normalized values (across the 39 samples) were pooled for statistical analysis.
Statistics
Normalized densitometry values expressed as the relative difference in target levels were analyzed by nonparametric tests. The effect of developmental age on target expression was analyzed using the Kruskal-Wallis 1-way-ANOVA on ranks test followed by Dunn's post hoc multiple-comparisons test. Gender was analyzed by the Mann-Whitney U test. Data were analyzed using GraphPad Prism software (GraphPad Inc., La Jolla, CA, USA). Data are significant at p < 0.05. Graphs show mean and SEM.
Results
Analysis of RBM3 in Human Hippocampus and aPFC
Stable human RBM3 knockdown cells were generated to validate the reagents used to detect cold-induced human RBM3. As expected, an approximately 17-kDa band robustly increased in NT-vector control neurons subjected to 48 h of hypothermia but was not detected in normo- Developmental time course of reticulon-3 (RTN3) expression in the human anterior prefrontal cortex (aPFC). a Representative Western blots show aPFC RTN3 levels in infants, toddlers, children, adolescents, and adult subjects (n = 3/group in children, n = 4/group in all other ages). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that RTN3 levels are highest in the infant aPFC (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANOVA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red). thermic neurons or cooled cells transduced with the RBM3-targeting shRNA-B (Fig. 1a) . RBM3-targeting vector shRNA-A was ineffective and did not block increased RBM3 levels after cooling.
Seventy-eight high-quality frozen brain tissue specimens (39 hippocampi and 39 aPFCs) from 40 subjects were acquired from the NIH NBB (n = 7-8 per age group). Figure 1b shows subject/specimen characteristics for each group. Hippocampal RBM3 levels (approx. 17 kDa) were increased in infants compared to all other age groups (Fig. 1c-e) . aPFC RBM3 levels were also increased in infants versus toddlers, children, and adolescents (Fig. 2a-c) .
Analysis of RTN3 and CIRBP in Human Hippocampus and aPFC
Hippocampal RTN3 (approx. 23 kDa) was increased in infants compared to toddlers, children, and adolescents (Fig. 3a-c) . RTN3c is the smallest variant. Depending on the tissue, it appears as a single (approx. 19 kDa) or double (approx. 16/19 kDa) band [27] . The 19-kDa RTN3c protein was also increased in the hippocampus of infants versus toddlers and children (p = 0.0016). In contrast, a nonspecific approximately 49-kDa band was decreased in infants versus toddlers, children, and adults (p = 0.0016); the age-dependent increase in the levels of the nonspecific band contrasted with the recurring (opposite) pattern of decreased CSPs with advancing age. In the aPFC, RTN3 (approx. 23 kDa) was below the level of detection in all samples except subject 4411, precluding statistical analysis (Fig. 4a) . RTN3c (approx. 19 kDa) was increased in the aPFC of infants versus toddlers, children, and adolescents (Fig. 4a-c) .
Developmental changes in CIRBP (approx. 17 kDa) were similar to in RBM3. Hippocampal CIRBP was increased in infants versus children, adolescents, and adults ( Fig. 5a-c) . In the aPFC, CIRBP was also increased in infants versus children, adolescents, and adults ( Fig. 6a-c) . sentative Western blots show hippocampal CIRBP levels in infants, toddlers, children, adolescents, and adult subjects (n = 4/ group). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that CIRBP levels are highest in the infant hippocampus (n = 8/group) compared to toddlers (n = 8/ group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANOVA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red).
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Analysis of KLB in the Human Hippocampus and aPFC Hippocampal KLB levels (approx. 120 kDa) were increased in infants versus children, adolescents, and adults ( Fig. 7a-c) . Hippocampal KLB levels were also increased in toddlers compared to adolescents (Fig. 7a-c) . In the aPFC, KLB levels were increased in infants versus adolescents and adults (Fig. 8a-c) . aPFC KLB levels were also increased in toddlers versus adults (Fig. 8a-c) . No significant gender differences (19 males vs. 20 females) were detected for any of the CSP or KLB levels in either the hippocampus or aPFC (hippocampus: RBM3, p = 0.5741; RTN3, p = 0.8661; CIRBP, p = 0.2216; KLB, p = 0.4072; aPFC: RBM3, p = 0.8994; RTN3, p = 0.9776; CIRBP, p = 0.5458; LB, p = 0.7044).
Discussion
This is the first large-scale investigation of baseline CSP expression in the human brain. The hippocampus was studied because it is a major target of CNS therapies (such as neuroprotective cooling [28] ). The aPFC was studied because it does not mature until late adolescence [29, 30] ; we thus hypothesized that developmental effects on CSPs might persist longer in that brain region. We focused our analysis on the mammalian CSPs, RBM3, RTN3, and CIRBP, which have a known function in disease/injury.
Implications of Baseline CSP Expression in the Brain on Therapeutic Cooling in Humans
RBM3 decreased neuronal damage in acute and chronic models of CNS injury, and there is enormous clinical interest in boosting its expression after a brain injury [14, 15] . RTN3 (approx. 23 kDa) is the newest addition to the neuroprotective group of CSPs, and it decreased neurological damage in a severe model of neurodegenerative prion disease [12] . . a Representative Western blots show aPFC CIRBP levels in infants, toddlers, children, adolescents, and adult subjects (n = 3/group in children, n = 4/group in all other ages). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that CIRBP levels are highest in the infant aPFC (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/ group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANOVA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. In rodents, neurodevelopmental age strongly affects the baseline expression of neuroprotective CSPs. Both RBM3 and RTN3c (approx. 19 kDa) levels are abundant in the young developing normotheric rat/mouse brain whereas levels are low-to-absent in adults [10, 15, 27] . Our results confirm that developmental expression of RBM3/ RTN3 in humans is similar to observations in rodents. Furthermore, in rodents, the amplified state of baseline CSP expression in the developing brain/neurons is associated with an even greater magnitude of induction after cooling [16, 17] . Based on these findings, we speculate that humans may have similar CSP physiology, and that total body cooling in newborns may increase neuroprotective CSPs to a greater magnitude versus in adults. More studies are needed to critically evaluate that hypothesis.
Not all CSPs are beneficial in the setting of disease or injury. For instance, CIRBP is deleterious in cancer [31] , hemorrhagic shock [32] , sepsis [32] , and brain ischemia [33] . Interventions that block proinflammatory CIRBP could be beneficial during neuroprotective total body cooling. However, future studies are needed to determine if CIRBP is proinflammatory in the setting of developmental brain injury, and/or has other functions yet to be identified.
Secondary Analysis of KLB
Thermogenic cell signaling pathways have pleiotropic effects beyond heat production, and may be harmful or beneficial to the injured brain. In human newborns, body temperature is regulated by nonshivering thermogenesis via the activation of BAT [8, 9] . After 1 year of age, thermoregulatory mechanisms switch to muscle-shivering and a distinct form of nonshivering thermogenesis in the skeletal muscle [34] . FGF21 is an endocrine hormone that activates BAT and raises body temperature in neonatal mice [18] . In addition, in human newborns, endogenous circulating FGF21 levels spike during the first week of life and remain at high concentrations for at least a year [35] . In contrast, in adult mice, FGF21 is dispensable for body temperature maintenance [36] . Developmental time course of β-klotho (KLB) expression in the human hippocampus. a Representative Western blots show KLB levels in infants, toddlers, children, adolescents, and adult subjects (n = 4/group). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that KLB levels are highest in the infant hippocampus (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANOVA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red).
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The in vivo biological activity of FGF21 is regulated by the coexpression of (a) the FGFR1c receptor and (b) the adaptor molecule KLB (a 120-kDa protein) [19, 37] . KLB functionally links/targets circulating FGF21 to its a b c FGFR1c receptor [38] . In the adult mouse brain, FGFR1c is ubiquitous [39] . In contrast, KLB expression is restricted to just a few neuronal populations within the hypothalamus and in the hindbrain [39] .
Here, we tested the hypothesis that KLB is expressed in the hippocampus and aPFC at an early developmental age in humans. Indeed, hippocampal/aPFC KLB levels were abundant in infants, moderate in toddlers, and comparatively low/absent at all other ages. The lack of KLB expression in the adult brain in regions we examined here is consistent with reports in adult mice [39] . In contrast, high levels of KLB in the hippocampus/aPFC of infants and toddlers suggest that FGF21 signaling pathways may play a larger role in human neurodevelopment than previously thought and may also be affected by total body cooling to a greater extent in infants.
Study Limitations
(1) Temperature affects CSP expression. To our knowledge, none of the subjects were administered neuroprotective cooling. However, temperature fluctuations in subjects and/or tissues could have occurred as a consequence of the wide-ranging insults leading to death prior to tissue procurement. However, our findings on CSP levels during human neurodevelopment agree with studies in rodents, in which tissues were harvested under highly controlled normothermic laboratory conditions [10, 15, 27] .
(2) Future studies must be done to examine the subcellular localization of CSP expression in the brain of human infants versus adults. In the normothermic rat brain, RBM3 colocalizes primarily with neurons and is low in glia [10] . Furthermore, RBM3 staining is almost entirely nuclear in the first postnatal week of life, shifts into the cytoplasm with increased age, and is mainly cytoplasmic in adults [10] . Western blots show aPFC KLB levels in infants, toddlers, children, adolescents, and adult subjects (n = 3/group in children, n = 4/ group in all other ages). The corresponding NIH NBB deidentified subject ID is indicated above each sample. b Representative total protein stain confirms equal protein loading and membrane transfer across groups. c The graph shows that KLB levels are highest in the infant aPFC (n = 8/group) compared to toddlers (n = 8/group), children (n = 7/group), adolescents (n = 8/group), and adults (n = 8/group). Normalized densitometry values were analyzed by Kruskal-Wallis one-way ANOVA. * significance (Dunn's post hoc multiple-comparisons test). Data were significant at p < 0.05. Graphs show mean (green) + SEM (red).
Dev Neurosci 2018;40:325-336 DOI: 10.1159/000493637 (3) The small sample size limited our ability to adequately test hypotheses related to individual group differences. For instance, infants visually had the highest amount of CSPs of all the age groups, but the levels varied over a relatively broad expression range. Thus, we were unable to detect a statistically significant difference by post hoc analysis for some of the comparisons even though levels appeared to be quite dramatic (i.e., RBM3 and RTN3 in infants vs. adults). Notably, the broad CSP expression range in infants may have important clinical implications. More studies are needed to elucidate if CSP expression variability in postmortem tissue in infants is due to the mechanism of insult leading to death (e.g., premature infants with SIDS), artifacts (e.g., factors involved in tissue procurement), or potentially by inherent genetic differences among patients. Germane to the latter potential mechanism of CSP expression variability, future studies are needed to test if infants with low baseline CSP levels could have increased vulnerability to a subsequent brain injury and/or represent a unique cohort of patients that might benefit most from therapeutic cooling.
(4) We cannot exclude the possibility that differences in tissue quality biased the detection of CSPs in infants versus older age groups. However, it seems unlikely, given that: (a) our results agree with highly controlled studies in rodents [10, 15, 27] ), (b) a background signal detected by the anti-RTN3 antibody increased with advancing age, indicating that the direction of change in protein expression was not biased to a particular age group, and (c) total protein stains were included in each experiment and were unremarkable/consistent across samples.
(5) Finally, although we did not observe an effect of gender on protein expression, we cannot rule out the possibility that our study was underpowered to detect it.
